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Background: The acquisition of a modern lifestyle may explain variations in asthma prevalence between urban and
rural areas in developing countries. However, the effects of lifestyle on asthma have been investigated as individual
factors with little consideration given to the effects of lifestyle as a set of attributes. The aim of the present study
was to identify modern lifestyle domains and assess how these domains might explain wheeze prevalence in urban
and rural areas.
Methods: We analysed data from cross-sectional studies of urban and rural schoolchildren in Esmeraldas Province,
Ecuador. Variables were grouped as indicators of socioeconomic factors, sedentarism, agricultural activities and
household characteristics to represent the main lifestyle features of the study population. We used multiple
correspondence analyses to identify common lifestyle domains and cluster analysis to allocate children to each
domain. We evaluated associations between domains and recent wheeze by logistic regression.
Results: We identified 2–3 lifestyle domains for each variable group. Although wheeze prevalence was similar
in urban (9.4%) and rural (10.3%) schoolchildren, lifestyle domains presented clear associations with wheeze
prevalence. Domains relating to home infrastructure (termed transitional, rudimentary, and basic urban) had the
strongest overall effect on wheeze prevalence in both urban (rudimentary vs. basic urban, OR = 2.38, 95% CI
1.12-5.05, p = 0.024) and rural areas (transitional vs. basic urban, OR = 2.02, 95% CI 1.1-3.73, p = 0.024; rudimentary
vs. basic urban, OR = 1.88, 95% CI 1.02-3.47, p = 0.043). A high level of sedentarism was associated with wheeze in
the rural areas only (OR = 1.64, 95% CI 1.23-2.18, p = 0.001).
Conclusions: We identified lifestyle domains associated with wheeze prevalence, particularly living in substandard
housing and a high level of sedentarism. Such factors could be modified through programmes of improved
housing and education. The use of lifestyle domains provides an alternative methodology for the evaluation of
variations in wheeze prevalence in populations with different levels of development.
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Secular trends of increasing prevalence of childhood
asthma have been documented worldwide [1]. This ob-
servation, in parallel with differences in asthma preva-
lence between developed and developing countries and
between urban and rural areas, has led to the suggestion
that alterations in environmental and lifestyle factors are
the most plausible explanation for such trends [2]. There
is evidence also that asthma prevalence may have reached
a plateau in developed countries in contrast with many de-
veloping regions where the prevalence of asthma con-
tinues to increase [3].
Asthma prevalence varies considerably between coun-
tries and may be lower in rural populations [3,4]. The
lower prevalence in rural populations could be explained
by farming exposures associated with a traditional lifestyle
that may confer protection against allergic diseases [5].
The prevalence of asthma appears to be increasing in
urban and rural populations in developing countries [6,7],
and increasing urbanization and the acquisition of modern
lifestyle, coupled perhaps with environmental triggers for
non-atopic symptoms and or the persistence of exposures
that attenuate atopy [8,9], has been the most cited factors
to explain these epidemiological trends [10,11].
The most common lifestyle factors associated with the
increase in asthma related to the process of urbanization
are dietary changes, economic development, sedentary
habits, changes in housing and a decline in farming ac-
tivities, among others [12]. Commonly, the association
between lifestyle factors and asthma has been examined
in terms of the independent effects of individual risk fac-
tors, and such analyses can explain asthma prevalence
only partially. The effects of lifestyle may be better
understood through a combination of effects or a set of
attributes allowing us to identify common features that
may help explain differences in asthma prevalence be-
tween populations, and understand how aggregations of
behaviours and personal characteristics shared by groups
of individuals may alter disease risk [13].
In Latin America, asthma or wheeze prevalence has been
associated with changes in lifestyles in urban and rural set-
tings [11]. Nevertheless, there are no studies evaluating
how differences in lifestyle affect the prevalence of asthma
in both urban and rural areas. The present study identified
common lifestyle domains in urban and rural populations
of schoolchildren based on social and behavioural charac-
teristics of the children and the households in which they
live, and explore how these patterns could explain the
prevalence of wheeze in a tropical region of Ecuador.
Methods
Study area and population
The study was conducted in urban and rural areas of a
tropical region of Esmeraldas Province in northwestEcuador. The population is predominantly Afro-Ecuadorian,
although mestizo and indigenous populations are also
present in this area. The rural study population comprised
small communities in the Districts of San Lorenzo and
Eloy Alfaro, located in the north of the province. Eco-
nomic activities of these communities are focused on sub-
sistence agriculture, hunting, fishing, logging, and more
recently African palm oil cultivation. Commerce and the
provision of services are available in the larger communi-
ties. The educational level of the population is generally
very low with a high rate of adult illiteracy. Housing mate-
rials are a mixture of traditional and modern materials -
wood and bamboo for walls and corrugated iron for
roofing with the use of cement blocks for walls becoming
increasingly common. Drinking water comes directly from
rivers although some communities have untreated piped
water sourced from streams. There is no sewage system in
any of the rural communities and disposal of faeces is gen-
erally by household or community pit latrines or in the
open. A number of communities are connected to the na-
tional electrical grid but few have access to telephone
services or mobile networks. Transportation for most
communities is by river, although small roads have been
built to connect some of these communities with the pro-
vincial capital [14].
The urban study population was in Esmeraldas city, es-
pecially in neighbourhoods of Afro-Ecuadorian migrants
coming from the districts of San Lorenzo and Eloy Alfaro
(rural study population). Esmeraldas city is the provincial
capital located ~100 km to the south of the rural study
area. It is a medium sized coastal city with approximately
189,504 inhabitants, is the principal port in northwest
Ecuador, the terminal for trans-Andean oil pipeline, and
location of the country’s largest refinery. More than half of
oil refined in Ecuador is refined in Esmeraldas, and most
of the country’s oil exports are shipped from its port. In-
dustrial facilities such as thermoelectric power plant (run
on fuel oil processed by the refinery), a wood processing
plant and the refinery are located in an area in the south
of the city, being an important source of pollution for the
city. The main economic and industrial activities are based
on chemical and oil exports, commerce, agriculture (espe-
cially tropical fruit and palm oil), timber, fishing, and tour-
ism. Basic services are of limited availability: 28% of the
households have no potable water, 23% of the households
lack a sewage system and 17% of the houses in city are
constructed with traditional materials (wood and or bam-
boo). Extreme poverty is present in 21% of the population
and educational level is low with just 10% of the popula-
tion having 10 or more years of education [15].
Study design
Cross-sectional studies were done in schoolchildren aged
5–16 years, in a convenience sample of 59 rural
Rodriguez et al. Environmental Health 2015, 14:15 Page 3 of 13
http://www.ehjournal.net/content/14/1/15communities and 9 urban schools to evaluate lifestyle
domains. The rural and urban schools were chosen as
convenience samples to provide schools in which the
children were predominantly Afro-Ecuadorian. The rural
study was done in two rural Districts (Eloy Alfaro and
San Lorenzo) in which small rural communities were se-
lected each with a single school and <150 pupils on the
school roll. In the urban area in the City of Esmeraldas,
schools were selected from barrios or neighbourhoods in
which there was a predominance of Afro-Ecuadorian mi-
grants from the two northern rural Districts where the
rural study was conducted. All children attending the
schools at the time of the survey were eligible for inclu-
sion. The response rate was 91.3% of children in rural
schools and 90.8% of those attending urban schools (of
the annually updated school lists). Selection of rural and
urban Afro-Ecuadorian schoolchildren of similar ances-
try should have minimized differences in lifestyle related
to social and cultural differences between populations.
Data collection for the rural population was done be-
tween March 2005 and May 2007 and for the urban
population between November 2007 and January 2010.
The original study was designed to investigate risk fac-
tors for allergy and asthma in Afro-Ecuadorian children
associated with rural–urban migration and is described
in detail elsewhere [16].
Data collection
A parent or guardian of each child was interviewed by
trained field workers using a questionnaire modified
from the International Study of Asthma and Allergies in
Childhood (ISAAC) phase II study [17] and adapted to
the local conditions and translated into Spanish. We
used recent wheeze as a proxy for asthma (defined as
the presence of wheeze in the last 12 months), a defin-
ition that has been validated in different populations
and that is widely used in epidemiologic studies [17,18],
and is especially useful in populations with limited ac-
cess to health care [9]. Indicators to evaluate lifestyle
were selected and classified into 4 variable groups
(Table 1). 1) Socioeconomic status (SES) of the house-
hold, representing the socioeconomic position of the
household in relation to the study population. We in-
cluded variables for monthly household income and
parental education and employment. 2) Characteristics
of the child’s home, representing the type of housing in
which the child lived including presence of basic ser-
vices (electricity and running water), disposal of faeces
(type of bathroom), electrical appliances, household
construction materials and type of cooking fuel. 3) Sed-
entary characteristics of the child, representing the level
of sedentarism including variables such as nutritional
status (overweight vs. normal weight), consumption of
fast foods (fizzy drinks and hamburgers), hours of dailyTV viewing and frequency of vigorous physical exercise.
Nutritional status was defined by z scores of body mass
index (weight[kg]/height[m]2) to classify children as
overweight (Z scores greater than or equal to the 85th
centile) or of normal weight [19]. 4) Agricultural activ-
ities of the household, representing the child’s potential
farming exposures including parental agricultural activ-
ities, contact with animals in farms and animal breeding
in or around the household home. A fifth group of vari-
ables (Other asthma risk factors) representing other
important risk factors for asthma including sex, age,
maternal history of asthma, maternal smoking during
pregnancy, environmental tobacco smoke exposure in
the child’s household and household overcrowding were
included also in the analyses (Table 1).
Statistical analysis
Multiple correspondence analyses (MCA) is a technique
that allows researchers to use a multivariate approach to
lifestyle studies. MCA [20] is a descriptive, exploratory
technique designed to analyse the pattern of relation-
ships of several categorical dependent variables in order
to produce a graphic illustration of the original informa-
tion in a low dimensional space. MCA summarizes a set
of categorical variables into a small number of orthog-
onal variables named “dimensions” that are related to
the original variables through a pair of descriptive mea-
sures, discrimination and inertia. Discrimination mea-
sures show the correlation (−1 to 1) of each variable
with a dimension, and inertia measures the proportion
of variance of the original variables explained by each di-
mension. Dimensions produce a set of coordinate values
(Z scores) that summarise subjects and categories per-
mitting the associations between subjects and between
categories to be displayed. Dimensions form the axes of
the graphical representation of the associations between
categories or subjects that can be visualized as clusters
or patterns. A high proximity between categories repre-
sents a high level of association.
To identify lifestyle domains, we developed four models
using MCA, one for each variable group (but not for the
fifth group – Other asthma risk factors). We retained two
dimensions in each model, evaluating measures of dis-
crimination and inertia for each dimension. Graphical dis-
plays of the variable categories and subjects (children)
were constructed using two dimensions for each variable
group (i.e. by building a series of two-dimensional graphs).
Graphs were evaluated to identify visually prominent
lifestyle domains based on associations between variable
categories. Having identified lifestyle patterns, we used
non-hierarchical cluster analysis to allocate individual sub-
jects to domains using Z scores for each subject [21]. Scat-
ter plots were constructed to see how cluster analysis
assigned children to lifestyle domains and were compared
Table 1 Characteristics of the study population by variable groups and area of residence
Groups Variables Categories Rural Urban
n % n %
Socioeconomic Status of the household Father’s A education <6 years 2512 58.5% 513 20.4%
6-11 years 1395 32.5% 1268 50.5%
>11 years 388 9.0% 729 29.0%
Mother’s A education <6 years 2444 56.9% 502 20.0%
6-11 years 1498 34.9% 1296 51.6%
>11 years 353 8.2% 712 28.4%
Father’s employment Farm worker 3356 78.1% 433 17.3%
Employee 459 10.7% 1223 48.7%
Trader 323 7.5% 507 20.2%
Professional 157 3.7% 347 13.8%
Mother’s employment House wife 2880 67.1% 1254 50.0%
Farm worker 610 14.2% 21 0.8%
Employee 450 10.5% 735 29.3%
Trader 195 4.5% 313 12.5%
Professional 160 3.7% 187 7.5%
Household income B ≤$170 3523 82.0% 1077 42.9%
$171-$340 627 14.6% 913 36.4%
>$340 145 3.4% 520 20.7%
Characteristics of the child’s home Basic Services 0-1 Services 4044 94.2% 210 8.4%
2-3 Services 251 5.8% 2300 91.6%
Source of drinking water River/well 3052 71.1% 14 0.6%
Piped 977 22.7% 185 7.4%
Potable 266 6.2% 2311 92.1%
House construction materials Wood/Bamboo 2892 67.3% 710 28.3%
Concrete/others 725 16.9% 638 25.4%
Concrete 678 15.8% 1162 46.3%
Bathroom Field 1553 36.2% 97 3.9%
Latrine 2742 63.8% 671 26.7%
Toilet 0 0% 1742 69.4%
Electrical appliances 0-2 appliances 2465 57.4% 417 16.6%
3 appliances 1030 24.0% 943 37.6%
4 appliances 800 18.6% 1150 45.8%
Cooking fuel Only gas 3074 71.6% 2355 93.8%
Gas/wood/charcoal 1221 28.4% 155 6.2%
Sedentary characteristics of the child Nutritional StatusC Normal weight 3786 88.1% 2069 82.4%
Overweight 509 11.9% 441 17.6%
Fizzy drink consumption Sometimes 938 21.9% 843 33.7%
1-4 times/ week 2476 57.8% 1293 51.7%
>4 times/week 871 20.3% 364 14.6%
Hamburger consumption Never 3211 74.9% 968 38.8%
Sometimes 718 16.7% 881 35.3%
1 in a month 359 8.4% 649 26%
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Table 1 Characteristics of the study population by variable groups and area of residence (Continued)
Vigorous exercise Daily 3197 74.7% 1862 74.2%
1-3 times/week 970 22.7% 603 24%
Sometimes 57 1.3% 17 0.7%
Barely 55 1.3% 27 1.1%
TV viewing <1 hours daily 1136 26.4% 242 9.6%
1-3 hours daily 2459 57.3% 1670 66.5%
> = 4 hours daily 700 16.3% 598 23.8%
Groups Variables Categories Rural Urban
n % n %
Agriculture activities of the household Farm activities No 851 19.8% 2071 82.5%
Yes 3444 80.2% 439 17.5%
Contact with animals in farms No 2981 69.4% 2294 91.4%
Yes 1314 30.6% 216 8.6%
Pigs breeding around home No 2203 51.4% 2104 83.8%
Yes 2086 48.6% 406 16.2%
Chicken breeding around home No 644 15.0% 954 38.0%
Yes 3648 85.0% 1554 62.0%
Other farm animals around home No 2523 58.8% 1789 71.3%
Yes 1768 41.2% 719 28.7%
Others asthma risk factors Sex Male 2206 51.4% 1321 52.7%
Female 2089 48.6% 1187 47.3%
Age <11 years 2224 51.8% 1689 67.3%
≥11 years 2071 48.2% 821 32.7%
Maternal asthma No 3223 79.1% 1919 81.4%
Yes 854 20.9% 439 18.6%
Matrenal smoking during pregnancy No 3720 88.2% 2300 94.2%
Yes 499 11.6% 142 5.8%
Environmental tobacco smokeD No 2297 53.7% 1600 63.8%
Yes 1981 46.3% 909 36.2%
Household overcrowdingE ≤3 2670 62.2% 1578 62.9%
>3 1625 37.8% 932 37.1%
A<6 years = Incomplete primary or ilitare; 6-11 years = complete primery and incomplete secundary; >11 = complete secundary or higher. BHousehold income
based on the basic family wage in 2007 (US$170). CDefined by z scores of body mass index (weight[kg]/height[m]2) to classify children as overweight (Z scores
greater than or equal to the 85th centile [16]) or of normal weight. DExposure to a smoker living in the child’s household. EPersons per sleeping room.
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were built for each of the 4 MCA models. Similarly, cross-
tabulation frequencies between domains and original vari-
ables were done to assess the distributions of each variable
within each domain.
Unadjusted and multivariable logistic regression was
used to evaluate the associations between lifestyle do-
mains and wheeze prevalence. For multivariate logistic
regression analyses we constructed models for rural
and urban areas using the 4 lifestyle domains and other
asthma risk factors (fifth variable group). The final
models were selected using back-wards step-wise regres-
sion and were those that explained the most variation inwheeze prevalence, those with the smallest mean square
error, and the highest value of adjusted R2. Distributions
of variable categories by area of residence were evaluated
using the Chi-squared test. Population-attributable frac-
tions (PAFs) were calculated for each pattern [(propor-
tion of exposed cases) × (OR −1)/OR], using adjusted
ORs. Statistical significance was inferred by p < 0.05. All
the analyses were done with SPSS version 18 (IBM SPSS,
New York, USA).
The ethics committee of the Hospital Pedro Vicente
Maldonado, Ecuador, approved the study protocol. Writ-
ten informed consent was obtained from a parent and
signed minor assent from the child.
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We evaluated a total of 6,805 children of whom 4,295
lived in the rural area and 2,510 in the urban area. The
prevalence of wheeze was similar in rural and urban
schoolchildren (10.3% vs. 9.4%, respectively) with an over-
all prevalence of 9.7%. Characteristics of the study popula-
tions by variable groups and area are shown in Table 1.
The frequencies of almost all variables were significantly
different between urban and rural areas (p < 0.05), except
sex and overcrowding.
Graphic presentations of the two dimensions obtained
by MCA for each of the 4 variable groups are shown in
Figures 1A-D. Discrimination measures and the propor-
tion of variance accounted for by each dimension are
provided in Additional file 1: Table S1. The model for
socioeconomic status (SES) of the household identified
three domains (Figure1A): a) Low SES - associated with
a rural setting and represented by farm workers, low in-
come (<=$170 or lower than the basic family wage in
2007) and low parental educational level (<6 years or in-
complete primary education); b) Medium SES - associ-
ated with an urban setting represented by trade and
non-professional employment, 6–11 years of education
(or incomplete secondary education) and monthly in-
come of $171-$340; c) High SES - represented by profes-
sional occupations, higher parental educational level
(>11 years or complete secondary or higher level educa-
tion) and income of > $340 (or more than 2 basic family
wages). The model for characteristics of the child’s resi-
dence identified three domains (Figure 1B): a) Transi-
tional - represented by presence of 3 electric appliances,
gas for cooking, latrine bathroom and use of concrete
and wood in house construction; b) Rudimentary - asso-
ciated with rural areas and characterized by 1 or fewer
basic services, less than 2 electric appliances, defaecation
in the open, use of river or well water for drinking and
use of wood or bamboo in house construction; c) Basic
urban - associated with urban residence and represented
by a household connection to potable water, concrete
building materials for walls, use of a flushing toilet, own-
ership of a set of appliances and 2 or 3 basic services.
The model for Sedentary characteristics of the child
identified three domains (Figure 1C): a) High sedentar-
ism – represented by consuming fizzy drinks > 4 times
by week, watching television ≥ 4 hours daily and consump-
tion of hamburgers sometimes; b) Medium sedentarism
represented by vigorous physical activity 1–3 times per
week, watching television 1–3 hours daily, consumption of
fizzy drinks 1–4 times weekly, being overweight and con-
suming hamburgers once month; c) Low sedentarism - as-
sociated with rural settings and characterized by never
consuming fizzy drinks and hamburgers, watching televi-
sion <1 hour daily, normal weight and daily vigorous phys-
ical exercise. The model for agricultural activities of thehousehold (Figure 1D) identified two domains: a) Farming -
associated with rural settings and characterized by farm
activities and peri-domestic animal breeding; b) Non-
farming - associated with urban settings and represented
by no farm activities, no animal husbandry around the
household and no contact with farm animals. Cluster ana-
lysis was used to allocate the children to domains for each
of the 4 variable groups. Scatter plots derived from these
cluster analyses show the distributions of children by life-
style domains in which dots represent individual children
and dot colour represents lifestyle domains for each of
the 4 variable groups (Figures 1E-H). Frequencies of ori-
ginal variables stratified by each domain for each model
are shown in Additional file 1: Tables S2-S5 to illustrate
the relative distributions of variable categories between
domains. Low SES status (64.1%), rudimentary residence
(51.6%), low sedentarism (67.9%) and farming environ-
ment (61.5%) were more common among rural school
children (Table 2), while medium SES status (63.9%), basic
urban type of residence (87.3%), low sedentarism (48.2%)
and non-farming environment (85.3%) were more com-
mon among urban children (Table 2).
There was evidence of differences in the prevalence of
recent wheeze by lifestyle patterns for the four lifestyle
variable groupings, and estimates of effect from univari-
ate and multivariate analyses are shown in Table 3.
Univariate analyses showed: 1) socioeconomic status of
the household - a higher risk of wheeze in children of
low versus high socioeconomic status in the urban but
not the rural sample (interaction p = 0.026); 2) Charac-
teristics of the child’s home - living in a basic urban
house compared to a transitional or rudimentary house
provided protection against wheeze in both urban and
rural children; 3) sedentarism of the child – a high com-
pared to low level of sedentarism was associated with an
increased risk of wheeze in rural but not urban children
(interaction p = 0.027); 4) agricultural activities of the
household – farming compared to non-farming expo-
sures were associated with wheeze in the urban but not
rural samples (interaction P = 0.032).
Multivariate analyses (Table 3) showed that in the rural
area, children living in transitional and rudimentary
houses had 2.02 and 1.88-fold greater risk of wheeze, re-
spectively, compared to children living in basic urban
houses, while children with a high level of sedentarism
had 1.64-fold greater risk of wheeze than those with a low
level of sedentarism and this risk increased depending to
SES of the household: Low SES 1.39, Medium SES 1.80
and High SES 3.26 (Table 4). In the urban area, children
living in rudimentary houses had 2.38-fold greater risk of
wheeze compared with those living in basic urban houses.
The findings for univariate and multivariate associations
between recent wheeze and other asthma risk factors are
shown in Table 3. In multivariate analyses, children aged
Figure 1 (See legend on next page.)
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Figure 1 Multiple Correspondence Analyses by: A) Socioeconimc status of the household, B) Characteristics of the chikld’s home, C)
Sedentary characteristics of the child, D) Agricultural activities of the household. Colour boxes around groupings of categories represent lifestyle
domains. Axes represent z scoress by dimension. Cluster Analyses using objects scores of each MCA: E) Socioeconimc status of the household,
F) Characteristics of the child’s home, G) Sedentary characteristics of the child, H) Agriculture activities of the household. Colour circles represent
the number of children in each lifestyle domains.
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mothers with a history of asthma had 1.81 and 3.03-fold
greater risk of wheeze, respectively. In the urban area, chil-
dren with a maternal history of asthma and of mothers
who smoked during pregnancy had a 3.48 and 1.86-fold
greater risk of wheeze, respectively.
We estimated the population fractions of wheeze at-
tributable to each of the lifestyle domains (Table 5). In
rural areas, transitional or rudimentary (versus basic
urban) housing explained 22-24% of wheeze and high
and medium versus low sedentarism accounted for 6%
and 3% of wheeze, respectively. In contrast, lifestyle do-
mains seemed to have poor explanatory power among
urban schoolchildren. We stratified also the four life-
style domains by sex and age groupings (<11 years
versus ≥11 years) (see Additional file 1: Tables S6 and S7):
in the rural area, associations between high sedentarism
and wheeze were stronger in males and older children,
while in urban areas, associations between housing char-
acteristics and wheeze were stronger in females and in
younger children.
Discussion
Lifestyle represents a complex constellation of highly as-
sociated factors involving social, behavioural and eco-
nomic activities in which humans are engaged and
environmental factors to which they are exposed. Lifestyle
is in a constant state of change as human societiesTable 2 Distributions of children in lifestyle domains and pre
Groups Lifestyle
Domains
R
n
Socioeconomic Status of the household Low 2751
Medium 1255
High 289
Characteristics of the child’s home Transitional 1860
Rudimentary 2217
Basic Urban 218
Sedentarism of the child High 584
Medium 793
Low 2918
Agricultural activities of the household Farming 2642
Non-farming 1653evolve, particularly under the influences of globalisation
and increasing urbanization of humans worldwide –
even the remotest of human populations have been
strongly influenced by these processes. It has been ex-
tremely difficult for epidemiologists interested in the ef-
fects of lifestyle factors on the prevalence of wheeze and
asthma to disentangle independent effects of individual
risk factors that together constitute lifestyle. The ap-
proach adopted in the present analysis has been to de-
fine lifestyle as a set of attributes representing groups of
linked risk factors rather than the traditional approach
of investigating independent effects of individual risk
factors [13]. In the present study, we used multiple cor-
respondence analyses to identify key lifestyle domains
and then cluster analysis to allocate individuals to spe-
cific lifestyle domains to explore how these patterns re-
late to the risk of wheeze in a large sample of school
children living in urban and rural areas of tropical
Ecuador. Our data provide evidence that factors associ-
ated with sub-standard and poor housing (i.e. lack of
basic services including electricity, traditional construc-
tion materials and cooking fuel) may be an important
determinant of the risk of wheeze overall while among
generally highly physically active rural schoolchildren
with generally high levels of activity, those with a high
levels of sedentarism (low physical activity, overweight,
and consumption of junk foods) are at greatest risk. Our
data provide further insights into how groups of riskvalence of wheeze by study area
ural Wheeze Urban Wheeze
% % n % %
64.1% 10.1% 231 9.2% 14.8%
29.2% 10.4% 1603 63.9% 8.7%
6.7% 11.4% 676 26.9% 9.1%
43.3% 10.8% 257 10.2% 13.9%
51.6% 10.3% 63 2.5% 15.8%
5.1% 5.7% 2190 87.3% 8.7%
13.6% 14.4% 533 21.2% 9.6%
18.5% 10.7% 766 30.5% 8.9%
67.9% 9.4% 1211 48.2% 9.6%
61.5% 10.1% 369 14.7% 12.4%
38.5% 10.7% 2141 85.3% 9.4%
Table 3 Associations between recent wheeze and lifestyle domains or other asthma risk factors
Rural Urban
Groups Lifestyle domains/
Categories
Univariate Multivariate Univariate Multivariate Interact. A
OR 95% CI P value OR 95% CI P value OR 95% CI P value OR 95% CI P value P value
Socioeconomic status of the household Low vs High 0.88 0.59-1.30 0.518 1.74 1.10-2.74 0.016 1.61 0.99-2.63 0.054 0.026
Medium vs High 0.90 0.60-1.37 0.628 0.96 0.70-1.32 0.796 0.88 0.62-1.23 0.451 0.819
Characteristics of the child’s home Transitional vs Basic urban 2.01 1.10-3.66 0.023 2.02 1.1-3.73 0.024 1.70 1.15-2.50 0.007 1.36 0.90-2.05 0.143 0.645
Rudimentary vs Basic urban 1.89 1.04-3.44 0.037 1.88 1.02-3.47 0.043 1.97 0.95-4.08 0.067 2.38 1.12-5.05 0.024 0.932
Sedentarism of the child High vs Low 1.63 1.24-2.12 <0.001 1.64 1.23-2.18 0.001 0.99 0.70-1.41 0.957 0.027
Medium vs Low 1.16 0.89-1.50 0.269 1.22 0.93-1.60 0.154 0.91 0.66-1.25 0.568 0.253
Agricultural activities of the household Farming vs. non-farming 0.93 0.76-1.15 0.513 1.45 1.02-2.06 0.036 0.032
Other asthma risk factors
Sex Male vs Female 0.93 0.76-1.14 0.480 0.92 0.70-1.20 0.526 0.926
Age (years) <11 vs ≥11 1.72 1.40-2.12 <0.001 1.81 1.46-2.24 <0.001 1.27 0.94-1.72 0.115 1.39 1.0-1.92 0.051 0.108
Maternal sthma Yes vs No 3.04 2.46-3.76 <0.001 3.03 2.44-3.75 <0.001 3.47 2.58-4.66 <0.001 3.48 2.58-4.71 <0.001 0.473
Matrenal smoking during pregnancy Yes vs No 1.04 0.76-1.41 0.826 1.82 1.12-2.96 0.016 1.86 1.12-3.08 0.016 0.054
Environmental tobacco smokeB Yes vs No 1.01 0.82-1.23 0.945 1.07 0.81-1.42 0.631 0.726
Household overcrowdingC >3 vs ≤ 3 1.19 0.98-1.46 0.086 0.99 0.75-1.32 0.959 0.297
Shown are univariate and multivariate analyses with estimated odds ratios (OR) and 95% confidence intervals (95% CI).
AInteraction p value between urban and rural in univariate analyses. BExposure to a smoker living in the child’s household. CPersons per sleeping room.
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Table 4 Associations between recent wheeze and
sedentarism domains stratified for each level of
socioeconomic domains among rural schoolchildren
Socioeconomic
status domains
Domains of
Sedentarism
Rural population
OR 95% CI p
Low SES High vs Low 1.39 0.95-2.04 0.095
Medium vs Low 1.48 1.07-2.04 0.017
Medium SES High vs Low 1.80 1.15-2.81 0.011
Medium vs Low 0.77 0.45-1.32 0.341
High SES High vs Low 3.26 1.24-8.55 0.016
Medium vs Low 1.27 0.47-3.43 0.634
Shown are multivariate analyses with estimated odds ratios (OR) and 95%
confidence intervals (95% CI).
ORs also adjusted for age, characteristics of the child’s home, and
agricultural activities.
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wheeze in a population undergoing the rapid transition
from a traditional to a more modern and urban way of
life.
Previous epidemiological studies have reported associ-
ations between prevalence of wheeze/asthma and life-
style factors related to urbanization [5,10,12] although
causal risk factors and mechanisms have not been clearly
identified. These associations are often inconsistent be-
tween studies of urban and rural populations and be-
tween regions at different levels of development. For
example, studies conducting in Zimbabwe and Ghana
observed a higher prevalence of wheeze/asthma among
urban children of higher SES [22,23], while studies of
children in urban areas of Latin America have reported
a higher prevalence among the poor [11,24]. In industri-
alized countries, associations between low SES and
childhood asthma severity has been observed in different
international studies [25-27]. Risk factors such as seden-
tary habits, an increase in the consumption of ‘junk’
food, and obesity have been identified as possible expla-
nations for the increasing asthma prevalence in both de-
veloping and developed countries [28,29], nevertheless
some studies found no association between overweight/Table 5 Population fractions (PAF%) of recent wheeze attribu
Groups Lifestyle Domain
E
Socioeconomic Status of the household Low vs. High
Medium vs. High
Characteristics of the child’s home Transitional vs. Basic urban
Rudimentary vs. Basic urban
Sedentarism of the child High vs. Low
Medium vs. Low
Agricultural activities of the household Farming vs Non-farming
PAF% - populationa attribuatble fraction estimated using the proportion of exposedobesity and asthma trends [30]. Traditional lifestyles, espe-
cially those related to farming, have been postulated to
provide protection against allergic diseases and atopy [5],
and explain, at least in part, the lower prevalence in rural
areas [4]. However, not all farming environments protect
against childhood wheeze/asthma [31,32]. It has been
hypothesized that changes in housing construction creat-
ing a more artificial living environment might predispose
to growth of indoor allergens affecting the occurrence
of asthma in developed countries [33]. Housing with
excessive moisture and dampness, inadequate or poorly
maintained heating and ventilation systems, crowding,
pest infestations, deteriorated carpeting, and structural
defects may increase exposure to asthma triggers [34].
Our data showed that characteristics of the child’s
household were associated with the prevalence of
wheeze in both urban and rural areas. Children living in
rudimentary and transitional households had a higher
risk. In urban areas, there were trends of increased
prevalence of wheeze in poor households and those with
agricultural exposures. Our findings are consistent with
a previous study done in City of Esmeraldas 20 years
ago, which showed an association between low socioeco-
nomic status and asthma prevalence, especially for those
socioeconomic factors relating to housing materials [35].
Other studies from urban centres in Latin America have
also shown associations between wheeze/asthma and
risk factors indicative of poverty, dirt and infections
[11,24,32]. In rural areas of our study, wheeze was more
prevalent in children with a high level of sedentarism.
Similarly, data from elsewhere have shown that an asso-
ciation between diet (and ‘junk’ food consumption) and
asthma prevalence [28,36].
In a previous ecologic study of the same rural communi-
ties analysed here, we showed that factors associated with
greater socioeconomic level and changes towards a more
urban lifestyle were associated with the community preva-
lence of childhood asthma [37]. The same ecologic ana-
lysis showed an association between community SES and
wheeze prevalence. Our data here indicate that SES, intable to each lifestyle domain
Rural Urban
xposed cases ORB PAF % Exposed cases ORB PAF %
0.64 0.88 <0 0.09 1.74 4%
0.29 0.90 <0 0.64 0.96 <0
0.43 2.01 22% 0.10 1.70 4%
0.52 1.89 24% 0.03 1.97 2%
0.14 1.63 5% 0.21 0.99 <0
0.19 1.16 3% 0.31 0.91 <0
0.62 0.93 <0 0.15 1.45 5%
cases for each lifestyle pattern // ORB = univariate odds ratios.
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In the rural area, SES was strongly associated with the
level of consumption and acculturation: a household needs
an electrical connection to watch TV and TV viewing in-
fluences the level of consumption, while traditional exer-
cise patterns will be modified by living close to a school
and not having to fetch water because of a household
water connection. In fact, our data showed that children
allocated to the high SES and high sedentarism domains
in rural areas had 3.26 greater risk of wheeze compared to
children of high SES and low sedentarism.
Treating lifestyle as a set of attributes or domains allows
us to understand better how urbanization processes may
affect the prevalence of wheeze in rural and urban areas of
a developing country. In transitional societies, it is com-
mon to find rural lifestyles co-existing in urban areas, par-
ticularly at the poor peripheries of cities that lack many
basic services and where rural migrants settle and grad-
ually become acculturated through the gradual adoption
of modern habits and behaviours although remaining so-
cially marginalized. This phenomenon could be observed
in our urban study population by the proportion of house-
holds that retained agricultural activities (14.7% were clas-
sified as having farming attributes) and that lived in
transitional and rudimentary households (10.8% & 10.3%,
respectively). In urban areas, maintaining a traditional way
of life is commonly associated with poverty and an in-
creased risk for a number of diseases [38]. In the present
study, there was evidence in the urban area for an effect of
poverty on wheeze prevalence for domains within 3 of the
4 variable groups (e.g. low socioeconomic level, transi-
tional housing, and farming exposures). This evidence is
supported by the fact that severe asthma, which is less sus-
ceptible to misclassification of asthma, is more common
among the poor, a pattern observed in epidemiological
studies done in different geographical regions [25,26]. On
the other hand, urban influences in rural areas have led
to the adoption of ‘modern’ behaviours, patterns of con-
sumption, diet, and housing – seen in the rural area of
the present study by the proportions of children with
sedentary lifestyles (18.5% with medium and 13.6% with
high sedentarism) and the proportion of children living
in transitional homes (43.3%). Some components of the
urbanization process have been clearly identified as det-
rimental for human health, especially asthma, such as
consumption of junk food and the acquisition of seden-
tary habits [28,36]. Nevertheless, other components of
the urbanization process have been related to a reduc-
tion in the burden of disease through benefits gained by
the provision of basic services and improvements in
housing [39]. Our data indicate that a child living in bet-
ter quality housing (termed basic urban) had a lower
risk of wheeze than those living in rudimentary and
transitional households.Different lifestyle attributes may have distinct effects
on the risk of wheeze in urban and rural populations.
The level of development of each attribute and the speed
by which they change in an relentless (and unstoppable)
process of increasing urbanization could explain at least
partly the increasing prevalence of wheeze/asthma that
has been documented in some developing countries [3],
and the declining disparity in prevalence between urban
and rural areas [6,7]. Furthermore, lifestyle factors
probably operate at several levels on the risk of asthma
such as individual, family, and community levels (i.e.
contextual) – future studies addressing this question
should collect data at all these levels and use a multilevel
approach to understand better the differences in the ob-
served prevalence of wheeze/asthma prevalence by geog-
raphy and wealth [40].
The methodological limitations of our study include
its cross-sectional design and the potential recall bias
using questionnaire data. Furthermore, we restricted the
study to mainly Afro-Ecuadorian children - until the
findings are replicated in other populations, we cannot
conclude their generalizability. Another limitation is that
not all wheezing is asthma. Nonetheless, this definition,
based on a symptom questionnaire, has been shown to
distinguish between asthmatics and non asthmatics and
has advantages in terms of cost, convenience, and the
resulting optimization of sample sizes and response rates
[17,18]. Also, this definition is more practical in rural
areas where access to health care is limited and use of
doctor diagnosis may be subject to significant bias be-
cause of differential access to health care between popu-
lations. There was time period of up to 5 years between
the start of data collection in the rural study population
and completion of data collection in the urban area. It is
possible that lifestyle exposures might start to change
within such period in the two populations but we do not
believe that such changes would be marked over such a
relatively short period and that significant changes occur
over decades rather than years. Finally, lifestyle involves
a range of influences determined by cultural, economic
and environmental factors, among others, that are hard
to define and measure; including all such factors in an
analysis is difficult. We approached this problem by
selecting urban and rural populations that share a com-
mon history, culture and geography, and choosing com-
mon indicators based on asthma literature, sociological
approach [37] and information available in our data-
bases. Despite the fact that we collected detailed infor-
mation related with lifestyle, other data that are likely to
be important (eg, environmental sampling for air pollu-
tion, seasonal or geographical data) were not available.
Smoking was not considered as a modern lifestyle indi-
cator because smoking of tobacco (using ‘cachimbas’) in
the rural area is a widespread and traditional practice, in
Rodriguez et al. Environmental Health 2015, 14:15 Page 12 of 13
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smoked. We did not collect data to distinguish smoking
of traditional versus modern cigarette. In fact, the rural
population had a higher proportion of mothers who
smoked during pregnancy and household exposure to
environmental tobacco smoke compared with the urban
population (Table 1).
In conclusion, we have used a novel analytic approach
to explore the effects of lifestyle domains or patterns on
the prevalence of recent wheeze in schoolchildren living
in rural and urban areas of Ecuador. Our data provide
evidence that lifestyle domains relating to poverty (e.g.
low socioeconomic status and living in transitional hous-
ing) are associated with a greater risk of wheeze in urban
areas, and domains related to greater sedentarism and
living in substandard housing are associated with a
greater prevalence of wheeze in rural areas. These data
indicate that different components of lifestyle may have
distinct effects on the risk of wheeze between (i.e. rural
vs. urban) and within populations at different stages of
urbanization.
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